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Abstract. The swimbladder regresses in 14 of the 15 genera of strom¬ 
ateoid fishes and apparently in each case before maturity is reached. In 
one genus the swimbladder is absent. The organ appears to be completely 
functional and is present in juvenile fishes that inhabit the surface layers 
of the ocean, often in association with jellyfish medusae or floating objects. 
In the transition from the juvenile to the adult habitat and mode of life, 
the swimbladder regresses to a nonfunctional state, and other morphological 
changes occur. 

A detailed study in progress of the state and structure of the 
swimbladder in stromateoid fishes in relation to their evolution 
and ecology shows that the organ regresses with age in 14 of the 
15 genera comprising this suborder of perciform teleosts. The 
regression of the swimbladder occurs at different ages, depending 
upon the species in question and seems to be correlated with other 
morphological changes and with certain changes in mode of life. 
Thus, the state of the swimbladder may be useful in predicting 
or determining at what age or size a particular species undergoes 
a shift in habitat or way of life. 

The suborder Stromateoidei consists of six families (Haedrich 
& Horn, 1969), the members of which range in maximum size 
from about 30 to about 120 centimeters. It is a fairly diverse 
group of temperate and tropical marine fishes, which, as adults, 
variously occupy a wide range of depths in coastal and oceanic 
waters. The Stromateidae occur at all depths over the continental 
shelf. The Ariommidae are benthic or benthopelagic on the shelf. 


1 Present address: Department of Biological Science, California State 
College, Fullerton, California 92631. 
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The Centrolophidae are either coastal, as in Hyperoglyphe and 
Seriolella, or oceanic at various depths, as in Centrolophns and 
Icichthys. The Nomeidae, Tetragonuridae, and Amarsipidae are 
oceanic usually in epi- or mesopelagic layers. However, as occurs 
in many other marine fishes, the larvae and juveniles of stroma- 
teoids are pelagic in the surface layers, mostly in the upper 100 
meters. 

Stromateoid fishes commonly undergo marked changes when 
approaching maturity, and these changes are often associated with 
the migration from the surface layers to the deeper layers where 
the fishes live as adults (Haedrich, 1969). Along with certain 
changes in body proportions (see Haedrich, 1967; and Horn, 
1970), including, frequently, changes in the length of paired fins, 
the swimbladder regresses. This regression and the significance of 
the swimbladder in the life of young fishes are discussed below. 

MATERIALS AND METHODS 

Specimens examined are from the collections of the British 
Museum (Natural History); the Zoological Museum, Copen¬ 
hagen; and, the Woods Hole Oceanographic Institution. The 
fishes from the last institution will ultimately be deposited in the 
Museum of Comparative Zoology, Harvard University. Specimen 
data will be included in a forthcoming comprehensive paper on 
stromateoid swimbladders. 

Swimbladder volumes were calculated treating the bladder as 
an ellipsoid. Body volumes were determined by displacement in 
water. Ten per cent was allowed for shrinkage of the preserved 
material, and volume determinations were made from swimblad¬ 
ders that were in most cases well expanded. The number of retial 
capillaries was estimated from thin sections of swimbladders. 

RESULTS AND DISCUSSION 

Very little mention has been made of the swimbladder in 
stromateoids. Jordan & Evermann (1896) stated that the organ 
was “usually absent” in the Stromateidae. Fowler (1936) indi¬ 
cated that it was “present or absent” in his treatment of several 
stromateoid genera. Grey (1955) reported it to be absent in 
Tetragonurus . Haedrich (1967) cited its presence in Ariomma. 
While I have not yet examined every species, I have found a 
swimbladder to be present in all genera except Pampas. 
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The swimbladder in stromateoids (Fig. 1) is euphysoclystous, 
i.e., with a distinct gas-resorbing area—a posterior chamber 
separated from the anterior by a diaphragm—and has unipolar 
retia that are either medial or posterior in position. It is generally 
of a relatively simple type found in a number of perciform fishes 
(N. B. Marshall, personal communication). 



Figure 1. Ventral (slightly flattened) view of the swimbladder of 
Nomeus gronovii, 26.4 mm SL; rm = rete mirabile; rv = retial vein; 
ra == retial artery; gg — gas gland; ac = anterior chamber; dm = dia¬ 
phragm; pc = posterior chamber. (X 33) 


The swimbladder in these fishes is relatively small and fre¬ 
quently below the 3.1-5.7 range of percentage volumes calculated 
by Alexander (1966) to be necessary for neutral buoyancy in 
sea water (Table 1). Measurements of swimbladder percentage 
volume for Hyperoglyphe, Cubiceps, and Ariomma show the 
organ to be within the above range, but in other genera, notably 
Schedophilus and Nomeus, the percentage volume may be as low 
as 0.5 or 0.6 per cent. Some calculated values may be lower 
than normal because of the swimbladder being in a slightly con¬ 
tracted state. The organ does appear to be completely developed 
and almost certainly functional. The blood supply is complete, 
and the surface area of the gas gland and the length of the retia 
in relation to swimbladder size (Table 1) compare closely with 
the range of values calculated by Marshall (1960: tables 3, 4, & 
5) for deep-sea fishes with well-developed swimbladders. The 
organ is fully formed in the smallest individuals (9 mm SL) that 
have been examined. Regression to a nonfunctional state occurs, 
apparently in all species, before maturity is reached. 






TABLE 1. 

Swimbladder measurements and ratios of some stromateoid fishes. 
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Being fully developed and certainly capable of hydrostatic ad¬ 
justment, the stromateoid swimbladder seems very unlikely to be 
merely an evolutionary remnant. The clue to its significance 
appears to lie in the behavior of the juveniles. The young of all 
or nearly all of the species live in the surface layers and fre¬ 
quently in association with jellyfish medusae or other animate or 
inanimate floating objects. Protection is presumably provided by 
the medusae or floating objects, and the fishes feed upon the 
small invertebrates concentrated around the objects or upon the 
jellyfishes themselves. This existence seems to require both con¬ 
siderable maneuverability and the ability to hover and remain 
motionless in midwater. I have observed young Peprilus triacan- 
thus hovering beneath and near the tentacles of the sea nettle, 
Chrysaora quinquecirrha, and they show little locomotor activity 
except for backing of water by the pectoral fins. Mansueti (1963) 
has made similar observations on Peprilus alepidotas {— P. 
para.). Few, if any, of the stromateoid genera which consort 
with medusae are completely immune to jellyfish toxins but merely 
avoid the tentacles, according to observations made by Mansueti 
(1963) on P. alepidotas , by Maul (1964) on Mupus ( -Schedo - 
philus ), and myself on P. triacanthus. Lane (1960) reports that 
Nomeus gronovii can survive doses of Physalia toxin as much as 
ten times that which would kill other fishes of the same general 
size and type; however, Nomeus still exhibits considerable agility 
in avoiding the tentacles of Physalia. 

The swimbladder, even if small, would provide a degree of 
buoyancy, although not necessarily complete neutral buoyancy. 
During the period of life in which the fishes have a gas bladder, 
the skeleton is not well ossified and the musculature may not be 
completely developed; thus, the juveniles probably have a lower 
specific gravity than the adults. In those adults with soft muscula¬ 
ture and light ossification, such as Schedophilus, the swimbladder 
probably becomes unimportant and uneconomical because of a 
change in mode of life, even though, as in juveniles, a small volume 
of gas would provide neariy neutral buoyancy. Using Alexan¬ 
der’s (1966) formula for calculating the percentage swimbladder 
volume necessary to achieve hydrostatic equilibrium, I find that 
only a 1 per cent reduction in specific gravity of the fish lowers the 
required percentage volume from 3.1 per cent, the lower figure 
in Alexander’s calculated range, to 2.2 per cent. The latter figure 
is within or near the range of volumes for most of the stromateoid 
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genera (Table 1). Also, the more firmly muscled and more 
heavily ossified fishes, such as Hyperoglyphe, have greater swim- 
bladder volumes than those with softer muscles and lighter bones, 
such as Schedophilus (Table 1). An exception is Nomeus, which 
has relatively firm musculature but a small swimbladder. 

The regression of the swimbladder is a gradual process, with 
the sac diminishing and the gas gland becoming a small yellowish 
mass before being completely resorbed. The mass representing 
the regressed gas gland may persist in the mesentery beneath the 
kidney for a considerable period of time after the swimbladder 
becomes nonfunctional. In none of the stromateoids does the 
swimbladder appear to become fat-filled upon regression as it 
does in some deep-sea fishes (Marshall, 1960). 

It is meaningful to consider the duration that the swimbladder 
remains functional in the different stromateoid genera in rela¬ 
tion to the time of change in habitat and mode of life. Nomeus 
among the stromateoids appears to have the most intimate and 
enduring association with jellyfishes, usually with the siphono- 
phore, Physalia . The fish may remain with Physalia throughout 
its life, although this is uncertain. Significantly, Nomeus retains 
what seems to be a functional swimbladder longer than any other 
stromateoid that has been examined. The largest specimen I have 
studied (142.7 mm SL) had a relatively large sac with a some¬ 
what contracted gas gland and was captured at the surface with 
Physalia. It has not been possible to determine whether or not 
the large specimens that have been found with Physalia were 
mature. 

The swimbladder of Peprilus triacanthas is usually completely 
regressed by the time the fish reaches a length of 100 mm SL, 
and this is about the size at which it has completely abandoned 
jellyfish medusae. Large individuals (> 100 mm SL ) of P. tria¬ 
canthus do not hover as do the juveniles but swim continuously. 
The pecioral fins increase in relative length with age and are used 
more extensively for propulsion in adults than in juveniles. The 
angle through which the pectorals are adducted apparently pro¬ 
vides lift. (The locomotion and buoyancy of P. triacanthus are 
being considered in a separate study.) Continuous swimming 
with some degree of pectoral propulsion is probably the rule in 
adult stromateoids. 

In Stromateus fiatola, the swimbladder is greatly regressed at 
a fish length of 75 mm SL, a size at which the fish seems to have 
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ended its association with medusae (Mansueti, 1963: 60). In 
the size interval of 75 to 100 mm SL, this species loses the pelvic 
fins, and its coloration changes from a vertically-banded pattern 
to a more uniform one in which there are often dorsal spots. 

Tetragonurus is a strictly oceanic genus (Grey, 1955), and its 
swimbladder is considerably regressed when the fish reaches a 
size of 50 mm SL. The young have been found associated with 
medusae in the surface waters (Mansueti, 1963: 60). According 
to Haedrich (1967), the adults are probably members of the meso- 
or bathypelagic fauna. 

Finally, Pampas, a coastal genus and the one considered by 
Haedrich (1967) to be the most advanced of the stromateids, 
evidently has no swimbladder. Whether fishes of this genus as¬ 
sociate with medusae as frequently as other stromateids is not 
known. There are indications that they do not. According to 
Suyehiro (1942), P. argenteus does feed to a certain extent on 
jellyfishes in Japanese waters. However, studies by Kuthalingam 
(1963) and Nath (1966) show that both juveniles and adults of 
this species off the Indian coast are macroplankton feeders whose 
diet largely depends upon seasonal changes in abundance of crus¬ 
taceans and polychaetes; this may indicate that the young do 
not regularly associate with medusae. Also, the pectoral fins of 
Pampas become quite long early in life and do not greatly increase 
in relative length with age as they do in Peprilus, another stro- 
mateid, and certain other genera. At a fish size of 30 mm SL, 
the pectoral length of Pampas argenteus is about 40 per cent of 
the standard length compared to only about 30 per cent in Pep- 
rilus para, which has a very similar body shape. The pectoral 
length in Peprilas triacanthus of the same size is about 25 per 
cent of standard length. The relative length of the pectorals has 
increased to 40 per cent in P. para and to about 35 per cent in 
P. triacanthus at a size of 80 mm SL. Thus, assuming that hover¬ 
ing beneath objects and possession of a swimbladder are related 
and that increased pectoral length is important in continuous swim¬ 
ming, it seems that members of the genus Pampas acquire the adult 
mode of locomotion and habit at an earlier stage than most other 
stromateoids and, in so doing, completely dispense with the swim¬ 
bladder. 

A number of other fishes have regressed, age-dependent swim- 
bladders. These include such shallow-water marine fishes as cer¬ 
tain gobies, blennies, flatfishes, and most muraenid eels (N. B. 
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Marshall, personal communication) and also some deep-sea fishes, 
such as certain species of Cyclothone and Stomias, whose swim- 
bladders, upon regressing, become invested with fat (Marshall, 
1960). As in stromateoids, the regression of the organ in these 
fishes is probably associated with habitat and/or internal changes. 
Swimbladder regression is eventually to be the subject of a general 
review. 

Yet to be examined is the state of development of the swim- 
bladder in newly-hatched stromateoid larvae. Since it is fully 
formed in fishes as small as 9 mm SL, the organ must develop 
quite early. The swimbladder may be of considerable importance 
to larvae in orientation and in positioning the body for food¬ 
capturing, although it is not known when the larvae begin to feed. 
Indeed, the swimbladder, as I judge from its particularly early 
regression in some stromateoids, may have its greatest functional 
significance in the larvae and smallest juveniles. 
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